The bed nucleus of the stria terminals (BNST) is a subcortical structure involved in anticipatory and sustained reactivity to threat and is thus essential to the understanding of anxiety and stress responses. Although chronic stress and anxiety represent a hallmark of post-traumatic stress disorder (PTSD), to date, few studies have examined the functional connectivity of the BNST in PTSD.
Functional connectivity at rest in humans also resembles animal studies showing connectivity of the BNST with basal ganglia, limbic regions, and the thalamus, with additional connectivity between the BNST and cortical regions such as the paracingulate gyrus (Avery et al., 2014) , the anterior cingulate cortex (ACC), the prefrontal cortex and the precuneus (Avery et al., 2014; Torrisi et al., 2015) , and between the BNST and smaller subcortical structures (habenula, periacqueductal grey, hypothalamus, and SLEA) when assessed using ultra-high field (7 T) (Torrisi et al., 2015) . Moreover, functional connectivity in humans between the BNST and the medial prefrontal cortex (mPFC) and sensory cortices (cuneus and fusiform gyrus) was found during threat (Kinnison, Padmala, Choi, & Pessoa, 2012) and anticipation of threat (Herrmann et al., 2016) , and between the BNST and the ventromedial prefrontal cortex (vmPFC) both during threat processing (Brinkmann et al., 2017) and in a study on vmPFC lesions (Motzkin et al., 2015) .
Taken together, these studies point toward the BNST as a relay hub for several neural networks, including networks involved in anxiety and threat processing.
To date, studies in humans have focused on the role of the BNST in fear and stress responses. Here, BNST activity has been characterized as sustained brain response occurring during anticipation of threat [e.g., in response to an electric shock or to aversive emotional pictures (Alvarez, Chen, Bodurka, Kaplan, & Grillon, 2011; Grupe, Oathes, & Nitschke, 2013; Somerville et al., 2013) ], with a highly specific increased response observed during the middle and late phases of anticipation (McMenamin, Langeslag, Sirbu, Padmala, & Pessoa, 2014) (for an extensive review see Avery, Clauss, & Blackford, 2015) , and during anticipation of unpredictable threat (Herrmann et al., 2016) . In addition, the positive correlation between both temporal (Somerville, Whalen, & Kelley, 2011) and spatial proximity (Mobbs et al., 2010) of the threat and BNST activity is thought to demonstrate the role of BNST in mediating worry about the future (Avery et al., 2015) . In fact, imagery of potential threat alone was demonstrated to elicit BNST response (Coaster et al., 2011) . These findings have been critical in differentiating the contributions of the BNST and the amygdala to the fear response, where the amygdala is predominantly involved in modulating fear responses that are not sustained (phasic) and need immediacy (Brinkmann et al., 2017; Herrmann et al., 2016; Lebow & Chen, 2016) .
In keeping with the important emerging role of the BNST in chronic anxiety responses, a recent study involving women with posttraumatic stress disorder (PTSD) revealed increased sustained activation of the BNST during unpredictable anticipation of threatening sounds in comparison to healthy controls (Brinkmann et al., 2017) . The results of the same study also indicated increased functional connectivity of the BNST with the vmPFC and insula, and decreased functional connectivity with the dmPFC during the same condition in PTSD as compared to controls. Finally, the BNST appears involved in regulating cardiovascular responses and neuroendocrine function (such as cortisol levels through the projections to the paraventricular nucleus and HPA axis), processes shown to be altered in PTSD (Brown & Morey, 2012; Lebow & Chen, 2016; Thome et al., 2016) . Hence, a deeper understanding of the role of BNST in the psychopathology of PTSD is essential to furthering our understanding of the neural circuitry underlying the chronic anxiety responses often associated with this debilitating disorder.
Anticipatory anxiety, or the prolonged feeling of an imminent threat, is a crucial component in the maintenance of the hyperarousal, re-experiencing, and avoidance symptoms that characterize PTSD Simmons et al., 2008) . The actual presence of a threat is not required to evoke feelings associated with the perception that a traumatic event is reoccurring. Instead these feelings may persist chronically in this population in the absence of an eliciting stimulus. Similar behaviors have recently been attributed to the impaired functioning of BNST during valence surveillance and threat monitoring, where the BNST mediates not only the anticipation of but also a general apprehension toward threat (Lebow & Chen, 2016) . It is also important to here note that a dissociative subtype of PTSD has recently been added to the Diagnostic Statistical Manual of Mental Disorders (DSM-5), characterized by symptoms of depersonalization and derealization (APA, 2013; Spiegel et al., 2013; Steuwe, Lanius, & Frewen, 2012) . Individuals diagnosed with this subtype can experience states of defensive immobility/freezing when the fight or flight responses have not been successful (Frewen & Lanius, 2006; Nijenhuis, Vanderlinden, & Spinhoven, 1998; Schauer & Elbert, 2010) . Interestingly, temporary inactivation of the BNST has been shown to reduce states of freezing in animal models, and to result in a diminished cardiovascular response to fearful stimuli in a fear conditioning paradigm (Resstel et al., 2008) . Overall, these results point further to the importance of elucidating the role of the BNST as a potential neural marker of PTSD and its dissociative subtype. Accordingly, the aim of this study was to investigate the restingstate functional connectivity of the BNST in PTSD, its dissociative subtype, and healthy controls. To our knowledge, few studies have investigated the functional connectivity of BNST in humans at rest (Avery et al., 2014; Torrisi et al., 2015) , and no such study has been conducted in PTSD. We hypothesized that a diagnosis of PTSD would differentiate resting state functional connectivity of the BNST in comparison to healthy controls, and that the presence of the dissociative subtype would further contribute to such differentiation. Here, we expected to find unique functional connections between the BNST and core brain regions characterizing PTSD psychopathology, such as the mPFC, the amygdala and hippocampus, the insula, and the PAG, when comparing PTSD to controls (Brown & Morey, 2012; Harricharan et al., 2016; Jin et al., 2013; Nicholson et al., 2015 Nicholson et al., , 2016 Rabinak et al., 2011; Sripada et al., 2012; Yin et al., 2011) . Moreover, we expected PTSD 1 DS to further differentiate BNST connectivity in brain regions previously shown to be involved in consciousness (e.g., the bilateral insula, claustrum) and emotion regulation (mPFC).
| M A TER I A LS A N D M ETH OD S

| Participants
The sample consisted of 161 individuals including: 70 participants with a primary diagnosis of PTSD, 41 participants who met criteria for the dissociative subtype of PTSD (PTSD 1 DS), and 50 nontrauma exposed healthy controls (HC). Resting-state data of part of this sample have already been presented in previous studies investigating the functional connectivity of other seed regions of the brain (Harricharan et al., 2016; Nicholson et al., 2015 Nicholson et al., , 2016 Thome et al., 2016) .
PTSD was diagnosed through the Clinician Administered PTSD scale IV or 5 [cutoff 50 for CAPS-IV (Blake et al., 1995) (n 5 135); criteria met on CAPS-5 (Weathers et al., 2013 ) (n 5 26)]. To meet criteria for the dissociative subtype of PTSD (PTSD 1 DS), participants had to endorse a severity 4 (frequency1 intensity) for CAPS-4, or 2 (severity) for CAPS-5 on the CAPS depersonalization or derealization symptoms as per standard methods (Rabellino et al., 2015; Weathers, Ruscio, & Keane, 1999) . Comorbidity for other psychiatric disorders was assessed with the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I (First, Spitzer, Gibbon, & Williams, 2002) . Additionally, dissociative symptoms were investigated with the Multiscale Dissociation Inventory (MDI (Briere, 2002) , while childhood trauma history was evaluated with the Childhood Trauma Questionnaire (CTQ) (Bernstein et al., 2003) . Demographic and clinical characteristics are presented in Table 1 . Among PTSD participants, 48 (PTSD, n 5 29; PTSD 1 DS, n 5 19) were receiving psychotropic treatment at the time of the study. Medications included antidepressants (total n 5 43: SSRIs, n 5 18; SNRIs, n 5 9; NDRIs, n 5 9; tetracyclics, n 5 7), atypical antipsychotics (n 5 10), sedatives (total n 5 19: benzodiazepines, n 5 13; cyclopyrrolone, n 5 6), and anticonvulsants (n 5 1). Exclusion criteria for all participants included a previous head injury with associated loss of consciousness, current or past history of neurological disorders, significant medical conditions, fMRI incompatibility, history of psychosis, bipolar disorder, substance or alcohol use disorder for 6 months prior to study entry. In addition, the control sample did not meet any current or lifetime criteria for psychiatric disorders (SCID-I). 6 minutes with eyes closed during a resting fMRI scan. At the end of the scan, all subjects were administered the State-Trait Anxiety Inventory (STAI) (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) , the Clinician Administered Dissociative States Scale (CADSS) (Bremner et al., 1998) , and the Responses to Script-Driven Imagery Scale (RSDI) (Hopper, Frewen, & Lanius, 2007) to assess state anxiety and dissociative symptoms (see detailed items in the Supplementary Information,
Materials and Methods section).
A whole-body 3.0 T MRI scanner (Magnetom Tim Trio, Siemens
Medical Solutions, Erlangen, Germany) was used to collect the data, with a 32-channel phased array head coil.
High-resolution T1-weighted structural images were acquired with magnetization-prepared rapid acquisition gradient echo (MPRAGE) sequence, with 1 mm isotropic resolution (192 slices). T2*-weighted functional images were collected using a standard gradient echo planar imaging (EPI) sequence with 2 mm isotropic resolution and the following parameters: FOV 5 192 mm 3 192 mm 3 128 mm (94 3 94 matrix, 64 slices), TR/TE 5 3,000 ms/20 ms, flip angle 5 908, 120 volumes. The first four volumes were discarded automatically to allow for equilibration.
| Statistical analyses 2.3.1 | Demographic and psychological measures
Kruskall-Wallis H tests, followed by post-hoc Mann-Whitney tests, were performed to assess group differences on age, CAPS-IV, CTQ, MDI, CADSS, RSDI, and STAI measures. Pearson's chi-square tests were used to assess for gender differences between groups. 
| fMRI preprocessing
| Seed-based connectivity analyses
The seed regions of interest (ROIs) included the right and left bed nucleus of the stria terminalis, respectively. ROI masks were generated using WFU PickAtlas (Functional MRI Laboratory, Wake Forest University School of Medicine), drawing two 5 3 4 3 7 mm boxes centered in Talairach coordinates 25.5, 1, 2.5 (x, y, z, for the left BNST) and 5.5, 1, 2.5 (x, y, z, for the right BNST) based on an anatomical atlas of the human brain (Mai, Paxinos, & Voss, 2008) as per standard methods (McMenamin et al., 2014; Mobbs et al., 2010; Straube, Mentzel, & Miltner, 2007) . The mean signal intensity was extracted from each seed region time course using in-house software by co-author J. Th eberge and was then used as a regressor within a multiple regression model for each seed region per each subject. Final connectivity indicated positive correlations between each seed region and other voxels in the brain.
At the group level, a 3 (group: HC, PTSD, PTSD 1 DS) 3 2 (ROI:
right BNST, left BNST) full-factorial ANOVA was performed to investigate functional connectivity. Sex was included as a nuisance covariate in order to control for differences related to the anatomical sexual dimorphism of the BNST (Lebow & Chen, 2016) . Post-hoc one and two-sample t test were conducted to further explore significant main and interaction effects. A separate full-factorial ANOVA was performed adding current medication treatment as a nuisance covariate to explore the influence of current medications on BNST functional connectivity.
Regression analyses were subsequently conducted to investigate the correlation of symptom severity (total CAPS-IV score, n 5 85), Whole-brain correction at alpha < .05 was ensured using an initial uncorrected threshold set at p < .001 followed by a 1000-iteration Monte Carlo simulation procedure [AlphaSim in RESTplus Toolbox version 1.8 (http://www.restfmri.net); Song et al., 2011 ] that yielded minimal cluster extents to control for false-positive rate of 5% at the whole brain level. Individual extent thresholds were determined for each T-map investigated.
| RE S U L TS
| Demographic and psychological measures
There were no between-group differences in age or sex (p .099). By contrast, group differences emerged on CAPS-IV, CTQ, MDI, CADSS, RSDI and STAI scores (all p .002). Specifically, post-hoc tests revealed significantly higher CAPS-IV, CTQ, MDI, CADSS, RSDI, and STAI scores in PTSD and PTSD 1 DS as compared to controls (all p .011). Moreover, the PTSD 1 DS group showed significantly higher CAPS-IV, CTQ, RSDI, and MDI scores as compared to the PTSD group (all p .002; Table 1 ).
| Seed-based connectivity
The full-factorial ANOVA revealed a main effect of group in the vermis (lobule V) and the left lingual gyrus, and a main effect of hemisphere laterality in the right medial prefrontal cortex (mPFC) extending to the rostral anterior cingulum (ACC) and the bilateral superior frontal cortex.
In addition, a significant interaction effect was found in the right middle frontal gyrus extending to the ventromedial prefrontal cortex (vmPFC), the left superior frontal gyrus, and the bilateral dorsolateral prefrontal cortex (dlPFC) (Supporting Information, Table S1 ). Post-hoc withingroup results are reported in the Supporting Information (Results and Figure S1 ). Between-group results are presented in the following paragraphs.
3.3 | Between-group functional connectivity
| PTSD versus controls
The PTSD group showed increased functional connectivity between the left BNST and the right caudate head and NAcc as compared to the control group (Table 2 and Figure 1) . No other significant differences emerged comparing the functional connectivity of the left and right BNST in the PTSD versus the control group.
| PTSD 1 DS versus controls
The PTSD 1 DS group exhibited increased functional connectivity of the left and right BNST with the bilateral lingual gyrus, the occipital cortex (calcarine), and the vermis V-VI in comparison to the control group. In addition, the left BNST showed increased functional connectivity with the right anterior/mid insula, the right frontal operculum, the right orbitofrontal cortex, caudate, claustrum, and superior temporal pole in PTSD 1 DS as compared to controls (Table 2 and Figure 1 ).
| PTSD versus PTSD 1 DS
The PTSD 1 DS group showed increased functional connectivity of the and with the NAcc as compared to controls. These subcortical structures, part of the dorsal and ventral striatum, respectively, are highly innervated by dopaminergic, GABAergic and glutamatergic neurons and take part in the cortico-basal ganglia-thalamic loop, which is thought to drive motivation and reward (Yager, Garcia, Wunsch, & Ferguson, 2015) . Previous neuroimaging studies indicate the BNST is func- Given the role of the BNST in addiction (Avery et al., 2015; Koob & Volkow, 2010; Stamatakis et al., 2014; Torrisi et al., 2015) , our findings may shed further light on the neural underpinnings of the link between chronic anxiety and reward-seeking behaviors, or, alternatively, negative reinforcement as previously suggested in relation to addiction and anxiety (Avery et al., 2015) in PTSD. This hypothesis is supported by a diagnosis of past alcohol and substance abuse in our PTSD and PTSD 1 DS sample (Table 1) . Notably, when we added current medication treatment as a confounding variable, this result approached 
| Functional connectivity of the BNST in PTSD 1 DS
The dissociative subtype of PTSD group showed increased functional connectivity of the left BNST with the right dorsal anterior and midinsula, and the claustrum, in comparison to controls, and with the right dorsal anterior insula and frontal operculum in comparison to the PTSD group. The dorsal anterior insula is known to play a key role in interoceptive and emotional awareness and anticipatory anxiety (Chua, Krams, Toni, Passingham, & Dolan, 1999; Craig, 2009 ) and represents a core region of the salience network (Menon & Uddin, 2010; Seeley et al., 2007) , where it has been thought to modulate switching between the central executive and the default mode network (Goulden et al., 2014; Menon & Uddin, 2010) . We hypothesize that connectivity of the left BNST with the dorsal insula may be involved in chronic states of anticipatory anxiety for a potential incoming threat, which would foster constant heightened attention for the detection of threatening cues in the environment. This notion is further supported by increased connectivity of the left BNST with the right caudate, a brain region involved in salience detection (Menon, 2011; Peters, Dunlop, & Downar, 2016) . In addition, these findings may point to increased attention dedicated to interoceptive stimuli to detect whether the body is under threat, or, alternatively, may suggest a compensatory mechanism for impaired interoceptive awareness often observed in PTSD 1 DS (Critchley, Wiens, Rotshtein, Ohman, & Dolan, 2004; Lanius, 2015) .
The increased functional connectivity of the BNST with the claustrum in PTSD 1 DS as compared to controls represents a crucial finding, as the claustrum has been proposed to play a major role in consciousness and nociception (Chavkin, 2011) . The function of the claustrum has not yet been fully elucidated (Mathur, 2014) ; however, promising theories point toward its role as a relay station for multisensory integration or as the site of the unification of the perceptual experience that leads to consciousness (Mathur, 2014) . Lesions of the claustrum have induced a disruption in consciousness (Chau, Salazar, Krueger, Cristofori, & Grafman, 2015) , while its electrical stimulation has been associated with temporary loss of consciousness (Koubeissi, Bartolomei, Beltagy, & Picard, 2014) . It is also the locus of the highest density of k-opioid receptors (KORS), proteins involved in the opioid neuromodulatory system that regulates stress response, reward, and mood processes (Bruijnzeel, 2010; Lalanne, Ayranci, Brigitte, & Lutz, 2014) . KORS bind primarily to dynorphins, opioid peptides considered to be key mediators of the dysphoric response to stress (Land et al., 2008) . Here, an elegant study using a mouse model suggested that the KOR/dynorphin system is activated by the corticotropin-releasing factor (CRF) (Land et al., 2008) released under stress, eventually inducing negative affective states (Carr et al., 2010; Mague & Pliakas, 2003) . Previous studies examining KORS agonists have also shown their analgesic potential (Chavkin, 2011) , with side effects including dysphoria and dissociative symptoms. In this regard, it is important to note that in a recent study (Addy, GarciaRomeu, Metzger, & Wade, 2015) administration of a KOR agonist, Salvia divinorum, in humans resulted in experiences of depersonalization, body-ownership distortions, and sensory alterations. These experiences mirror the phenomenology often observed in individuals with the dissociative subtype of PTSD (Spiegel et al., 2013) . In vivo KOR availability has been studied in trauma-related psychopathology through innovative neuroimaging techniques (combining a radiotracer and high-resolution positron emission tomography). In one study, KOR availability within a limbic-ventral striatum circuit mediated trauma-related dysphoric symptoms (Pietrzak et al., 2014) . Interestingly, KORS are distributed in the BNST, the prefrontal cortex, the dorsal and ventral striatum, and the hip- induced by chronic anxiety states, or to altered neural activity of visual areas (low-level perceptual deficits; Shang et al., 2014) due to increased processing demands associated with intrusive memories and flashbacks in PTSD. In this regard, trauma-exposed and PTSD individuals show reduced grey matter density within areas of the visual network (including lingual gyrus, cuneus, and calcarine fissure) (Nardo et al., 2010; Teicher, Samson, Anderson, & Ohashi, 2016; Zhang et al., 2011) and reduced neural activity of these regions at rest (Wang et al., 2016) .
Future research to elucidate further patterns of connectivity between limbic regions and the visual cortex in PTSD is therefore warranted.
Interestingly, the PTSD 1 DS group also showed increased functional connectivity of the BNST with the vermis, a critical cerebellar region of the "limbic cerebellum" (Schmahmann, 2000b) . Indeed, the cerebellum has been recently rediscovered as a complex structure involved in emotion regulation, in addition to the already acknowledged motor control functions (Schmahmann, 2000a) . The vermis in particular, together with the flocculonodular lobe and the fastigial nucleus, has been proposed to be part of an extended Papez circuitry dedicated to emotion processing (Schutter & van Honk, 2005) . Our results may therefore suggest that the overmodulation of emotion and associated emotional detachment characterizing PTSD 1 DS ) may extend to brain circuits involving heightened connectivity between the BNST and the "emotional cerebellum."
| Correlation with psychological measures
Anxiety and depersonalization/derealization symptoms experienced during the resting-state scan, as measured by STAI and RSDI, respectively, were found to be positively correlated with functional connectivity between the BNST and inferior/middle temporal regions. In previous studies, the middle temporal gyrus showed reduced grey matter volumes in PTSD (K€ uhn & Gallinat, 2013) and reduced activity associated with dissociative symptoms in PTSD (Lanius et al., 2002; Simeon et al., 2000) .The inferior/middle temporal pole is also considered to be part of the ventral visual stream, enabling object recognition and allocentric representation of scenes (Norman, 2002) . These results support the findings described above of an increased functional connectivity between the BNST and the visual cortex in PTSD 1 DS, and point towards the importance of the ventral visual pathway in association with anxiety and dissociative states at rest. Furthermore, state identity dissociation during the resting state scan as measured by CADSS was found to be positively correlated with functional connectivity between the BNST and brain regions that form the default mode network (DMN), including the precuneus, posterior cingulum, and prefrontal cortex. The DMN is an intrinsic connectivity network mainly active during idling states, thus specific to self-referential processing (Menon, 2011) , and necessary for building and maintaining an integrated sense of self (Lanius, Frewen, Tursich, Jetly, & McKinnon, 2015) . The DMN has previously been found altered in PTSD at rest (Koch et al., 2016; Liu et al., 2017; Shang et al., 2014; Tursich et al., 2015) . In addition, our findings indicate that the more the subjects feel confused about their identity, the more the BNST activity couples with DMN-related regions during the scan, thereby potentially disturbing self-referential processing, eventually leading to identity confusion. Alternatively, the increased functional connectivity between the BNST and DMN regions as a function of state identity dissociation may be indicative of an attempt to restore a more integrated sense of self during sustained threat processing.
| L I M I TA TI ONS AN D F U TU RE D I RE CT ION S
Some limitations of this study need to be considered. First, we drew a single left and right BNST mask based on an anatomical atlas across all participants, thus lacking sensitivity for individual anatomical differences of this complex brain region. However, this procedure is commonly used in resting state investigations, and has been successfully used in previous studies on BNST neural activity and functional connectivity (Brinkmann et al., 2017; Herrmann et al., 2016; McMenamin et al., 2014) . Future research will need to examine potential structural differences associated with PTSD. This study also lacks a trauma-exposed control group. Although we are able to show no correlation between BNST connectivity and childhood trauma, the inclusion of a second control group (trauma-exposed) would have allowed us to exclude a possible interpretation of our findings as a consequence of traumaexposure alone. In addition, the cross-sectional nature of our study did not allow us to account for premorbid neural and behavioral characteristics; longitudinal studies will therefore be required to address this matter. Moreover, seed-based connectivity analyses do not provide data on the directionality of connectivity, which will need to be explored in future studies. Furthermore, as current medication treatment appears to affect the functional connectivity of the BNST in PTSD, further research is warranted to specifically target pharmacological treatment as a variable of interest in PTSD neural circuitry (Lanius, 2010) . Finally, alterations in BNST connectivity with the KOR/dynorphin system in the dissociative subtype points toward the need for further investigation of K-opioid-receptors as potential target of pharmacological treatment for the dissociative subtype of PTSD (Bailey, Cordell, Sobin, & Neumeister, 2014; Naganawa et al., 2016) .
| CON CL U S I ONS
The current investigation of the functional connectivity of the BNST elu- 
